Methionine and DAP have sirnilar elution pattef,ns (5, 16) using the fraction collector. The present paper describes a method to resolve the problem of separation of DAP and methionine by ion exchange chromatography and ide,ntification of other ninhydrin reactive compounds which were observed in protozoa and nmen content hydrolysates.
Rumen oontents, protozoa and bacteria were obtained from four flstulated dairy cows fed semiaurified and natural diets with and without diethylstilbestrol (9) . Samples, of rumen fluid were strained through two layers of cheesecloth into a thermos flask, and fractionation started within 5 to 10 min after collection. Protozoa were obtained by the gravimetric technique based on methods used by Oxford, (13) and Abou Akkada and Howard (1) . Strained mrnen fluid (1 liter) was placed in a 3-liter separatory funnel and diluted one to one (v/v) with an acetate-phosphate buffer (NaGH"O,, 2.15 g; KILPO,, 0.35 g; KIIPO., 1.@ g; NaCl, 5 g and MgSO", O.l2 g made up to 1 liter with distilled water).
Carbon dioxide was bubbled into the diluted ruminal fluid for 1 min and the mixture was then incubated at 394O C for t hr. The protozoa which settled to the bottorn were transferred to a 50Gml soparatory funnel containing acetate-phosphate buffer and, incubated for an additional hour. The protozoa were then transferred to 200.m1 oontrifuge bottles containing 100-150 ml acetatephosphate bufier and immediately centrifuged at 2OO x g for 10 min. Precipitated protozoa were resuspended in a srnall volume of the acetate-phosphate buffer and spread on gfass plates to dry at 39 C in a forced air drying oven. Bsfore drying, each protozoal preparation was examined microscopically for feed contarnination.
The bacterial fraction was obtained by differential centrifugation (12) . The strained ruminal fluid was poured into 200-rnl centrifuge bottles and centrifuged at 1000 x g for 10 min rto rernove protozoa and food debris. The supernatant was then recentrifuged at 40,000 x g for 20 min in 50-ml centrifuge t'ubes. The precipitate of bacterial residue was twice resuspended in 40 ml of acetate-phosphate buffer and centrifuged at 40,000 x g fot 20 min. The bacterial precipitate was resuspendod in small volumes of acetate-phosphate bufier and sproad on gfass plates to dry at 39 C in a forced air oven. The dried protozoal and, bacterial residues were ground into a powder and stored in the freezet for subsequant analysis.
Dried samples (50 mg) of the ground diets, rumen contentso protozoa and bacteria were hydrolyzed under reduced pressure in 1O ml of 3 N HCI in a sealed flask at l2t C fot 15 hr (a). The hydrolysate was evaporated to dryness at 4A C 398 cANA.DraN JoURNAL oF ANTMAL scIENcE under red,uced pressure and washed with pH 2.2 (0.20 N) sodium citrate buffer. The buffer residue solution was filtered and adjusted to a final volume of 50 ml. Amino acid analyses were made on 0.5 ml of hydrolysate using the acid* nEutral column on the Beckman model 116 arnino acid analyzer (3) . Amino acids were eluted frorn the ion exchange column with sodium citrate buffer, pH 3.28 (O.2O N), 4 .25 (0.20 N) and. 6 .25 (0.40 N) at zero, 85, and 138 min, respectively. The sodium citrate buffer, pH 6.25, was app,lied in order to elute AEP and, other amino acids which are more basic than phenylalanine. In order to locate peak-time of DAP and AEP, 0.5 ml of a standard solution containing O.2 pmole of each (Grade A, Calbiochem, I-os Angeles, Cailif.) was placed on the column with the amino acid calibration mixture (type 1, Beckman, Palo Alto, Calif.). Table 1 . Amino acids present in diets, protozoa, bacteria and rumen contents Chrornatogram peak-time of DAP and methionine was similar at 134 min using the above conditions ( Table 1 ). The intet'ference of DAP elution pattern with that of other amino acids was previously observed by other workers (5, 16) . Diaminopimelic acid has been measured (6, 14, 16 ) by reducing the pH until only the DAP reacted with ninhydrin. The modern amino acid analyzer system (Beckman 116) is not adaptable to this procedure. Therefore, other means must be employed to distinguish DAP from methionine. Through conversion of methionine to methionine sulfone by ,performic acrd (7) , it was possible to distinguish between DAP and methionine. For personal use only. and used immediately. Performic acid (2 ml) was added to the protein sample which was placed in a cooled ignition trfte (2 x 20 cm) in an ice bath. The oxidation reaction was allowsd to pdoceed for 2O hr in the ice bath, then excess performic acid was reduced by the addition of 0.30 ml 48% lBr. Bromine released was removed by evaporation unde,r reduced pressure at 4O C to dryness using a rotary evaporator. The residue was subjected to hydrolysis, as described above.
Methionine sulfone is eluted with a peak-time of 50 min, (hus not in:terfering with other amino acid elution times. At the satne time, cystine is oxidized to cysteic acid with a peak-time o,f 19 min as compared with 106 rnin for cystine. These arnino acids are readily measured quantitatively by analysis of the unknown versus an oxidizEd standard amino acid mixture containing cystine and methionine.
Several unknown peaks wero observed on cht'omatoggams obtained with the hydrolysates of protozoa and rumsn @ntents. Ninhydrin-reactive substances were eluted with peak-times of 1.7, 27, I79, 182, 188 atd' 192 min ( Table 1 ). In order to identify some of the unknown substances, 0.1 pmole each of 2-anino 3-phosphonopropionic, 2-amino 4-pho,sphonobutyric, Dl-O-phosphose,rine and 4aminobutyric acid were placed on the column. The first unknown amino' acid had an identical elution peak-time with 2-anrino 3-phospho,nopropionic acid at 17 min (Table 1 ). This amino acid had bsen detected in the crliate Tetralrymena pyriformis (1J). The second unknown amino acid was in identical location with Dl-O-phosphoserine at 27 mn. The unknown peak occurring at 182 min had an elution peak+ime similar to th,at of 4-aminobutyric acid ( Table 1 ).
The 2-amino 4-phosphonobutyric acid is eluted with a peak-time of.22 nn and was not p(esent in either protozoa or mmen oontents. The amino acids with Elution peak-times of. 179,188 and 192 nn have not been identified.
Application of the above technique should be useful for detec.,ting DA,P as well as distinguishing botween DAP and methionine in rumen bacteria and t'umen oontents whe.lr using arnino acid analyzers. The method provides a quantitative analysis for methionine and cystine (7) .
The occurrence of 2-arnino 3-phosphonopropionic acid Dl-O-phosphoserine and 4-arninobutyric acid in the hydrolysate of ciliate protozoa and rumen co'ntents suggests their possible use to measure protozoal populations. Furthermore, the detErmination of 2-amino 3-phosphonopro,pionic acid and Dl-O-phosphoserine would take only 27 mn compared with 185 for AEP; however, the arpunts prese,txt are small. Further studies with protozoa are required to test the validity of using these amino acids as markers of protozoal population.
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